A B S T R A C T Alterations in human cerebral blood flow and related blood constituents were studied during exposure to acute hypoxia. Observations were made during serial inhalation of decreasing 02 concentrations with and without maintenance of normocarbia, during 8 min inhalation of 10% 02, and after hyperventilation at an arterial Po2 of about 40 mm Hg. In the range of hypoxemia studied, from normal down to arterial Po2 of about 40 mm Hg, the magnitude of the cerebral vasodilator response to hypoxia appeared to be largely dependent upon the coexisting arterial C02 tension. The mean slope of the increase in cerebral blood flow with decreasing arterial 02 tension rose more quickly (P < 0.05) when eucapnia was maintained when compared with the slope derived under similar hypoxic conditions without maintenance of eucapnia. When 12 subjects inhaled 10% oxygen, cerebral blood flow rose to more than 135% of control in four whose mean decrease in arterial C02 tension was -2.0 mm Hg. The remaining eight had flows ranging from 97 to 120% of control, and their mean decrease in C02 tension was -5.1 mm Hg.
INTRODUCTION
Lowering the arterial or cerebral tissue Po2 in normal conscious subjects results in cerebral vasodilatation, increased cerebral blood flow (CBF) (1) , and, in humans breathing at least 7% oxygen, no change in the cerebral rate of 02 utilization (2) . The magnitude of the increases in cerebral blood flow after moderately severe hypoxia appear to be less than the response to a comparable amount of hypercapnia (3) . Simultaneously induced hypoxia and hypercapnia result in additive rather than synergistic effects on cerebral blood flow (4) .
There is little information available concerning the separate and possibly antagonistic effects on the cerebral vasculature of the hypocapnia frequently associated with exposure to acute hypoxia. Although cerebral vasodilatation was reportedly enhanced during acute hypoxia with normocarbia, the reduction of arterial Po2 was marked, and control observations without added C02 were omitted (2) . Hyperventilation has been considered to attenuate the hypoxic response to high altitude, but cerebrovascular data before 6 hr exposure to altitude are unavailable (5) .
The purpose of the present study was to provide a description of the alterations in cerebral blood flow and related blood constituents immediately following achievement of the steady state after induction of various de- grees of acute hypoxia. By this means, attempts were made to define the threshold of the cerebrovascular response to hypoxia and to expose the magnitude of the potentially counterbalancing effects of the hypocapnia often associated with significant hypoxia.
METHODS
The subjects of 28 studies were 13 healthy males, aged 25-40 yr (average age 32) in the postabsorptive resting state. The planned procedures were discussed fully, and all gave their informed consent. After local procaine infiltration, cannulae were placed in the brachial artery and in the internal jugular bulb. Oxygen saturations were determined by the Nahas spectrophotometric method (6) , and blood 0, and CO2 tensions and pH were determined with an electrode system (7) .' Methods for expired CO2 monitoring, 'Epsco Blood Parameter Analyzer, Epsco, Inc., Westwood, Mass. Eucapnic hypoxia. In 10 studies, arterial and jugular venous blood was obtained after the subj ects breathed the following for serial 10-min periods: air 18, 14, 9.5, 10.4, and 9.5% 02. End-tidal C02 content was maintained at the control level by adding C02 to the inspired gas line during the inhalation of 18, 14, and the first 9.5% 02 periods. No C02 was added while breathing 10.4% 02, and the subjects hyperventilated during the second period of 9.5% 02 inhalation.
Since inspired 02 concentrations as low as 7% do not effect the rate of cerebral oxygen consumption (2), it was valid to apply the 1/ (A-V) 02 method for estimation of cerebral blood flow. The validity of this method and the necessary calculations have been discussed in detail (5, (8) (9) (10) .
The data (Tables I and II) were subjected to an analysis of variance, and where significant differences (P < 0.05) were found, Duncan's multiple range test was applied to discover which treatments differed by P < 0.05 (Tables I A   I  TT  A four subjects graded hypoxemia (Fig. 2) and during eucapnic hypoxemia (Fig. 6) were significantly different from one another, (P < 0.05), the latter showing a steeper response of the cerebral blood flow with decreasing arterial 02 tension. DISCUSSION The important studies of Gibbs, Gibbs, Lennox, and Nims (13) demonstrated that during inhalation of 2 and 4% oxygen, additions of C02 to the inspired gas line increased the resulting cerebral blood flow and improved mental function as measured by the electroencephalogram, simple arithmetic tests, and time to unconsciousness. The potential importance of the level of the C02 tension in modulating the effects of any level of hypoxia was suggested in studies of cerebral blood flow in man at high altitude but studied only after prolonged exposure to high altitude (5) . Acute exposure to hypoxia and the effects of correction of the associated hypocapnia were discussed but were not studied by these authors.
Steady-state studies of cerebral blood flow at an even more severe level of hypoxia in the presence of normocarbia (9) appeared to show greater rises in flow with normocarbia than those previously reported when C02 tension was uncontrolled (2) . The level of hypoxia was not precisely comparable to previous studies, and observations during uncontrolled respiration at the level of hypoxia studied were not made.
The present data showed that during reduction in inspired Po2 without correction of hypocapnia, the level of the cerebral blood flow was largely dependent upon the response of the respiratory center as reflected by the arterial C02 tension level. Those subjects who had the least reduction in arterial C02 tension during inhalation of 10% 02 exhibited the largest increases in cerebral blood flow (Fig. 3) . Subjects with greater respiratory sensitivity showed little or no increase in cerebral blood flow despite reductions in arterial 02 tension to 45-50 mm Hg (Fig. 4) Pa2 (mmHg) FIGURE 6 Mean slope and 95% confidence limits of cerebral blood flow response to eucapnic hypoxia. This slope was steeper (P < 0.05) than that derived during hypocapnic hypoxia (Fig. 2) .
slightly reduced arterial C02 tension to the normal range resulted in increases in cerebral blood flow and decreases in cerebrovascular resistance (Fig. 1) (5) . Their attempted prediction of the early response to hypoxia may now be modified and amplified with the data provided herein. In the main, their predictions underestimated the likely degree of hyperventilation present and its power to blunt the early vasodilator response to hypoxia.
The mechanism of the vascular changes in acute studies such as those described herein must be mediated through the effects of the acute changes in gas tensions on the respiratory center and the cerebral vasculature rather than by alterations in slowly diffusing substances as has been shown during acclimatization to the chronic hypocapnia and hypoxia at high altitude (5). Whether arterial or cerebral venous gas tensions are best correlated with changes in the cerebrovascular resistance has been the subject of conflicting data (9, 10, 15) , but most investigators agree that the sites of ultimate regulatory importance are likely to be found in or near the cerebral vascular cells themselves (5) . Any explanation of the effects of acute hypoxia must consider the counterbalancing effects on cerebral blood flow secondary to the associated rapid reductions of arterial Pco2 as well as other factors which might be pertinent to specific clinical situations.
